Abstract: The shell model within the 2s1d0g 7/2 0h 11/2 shell is applied to calculate nuclear structure properties of the even Z = 52 − 62, N = 82 isotones. The results are compared with experimental data and with the results of a quasiparticle random-phase approximation (QRPA) calculation. The interaction used in these calculations is a realistic two-body G-matrix interaction derived from modern meson-exchange potential models for the nucleon-nucleon interaction. For the shell model all the two-body matrix elements are renormalized by theQ-box method whereas for the QRPA the effective interaction is defined by the G-matrix.
Introduction
In recent years the N = 82 isotones have been a subject of great interest and experimental data for the isotones are rather well established. These nuclei show a high degree of regularity, in the sense that there are many similarities between
To appear in Physics Reports (1995) neighbouring even-even nuclei. Abbas [1] even goes as far as to claim that all the N = 82 and Z = 58, 60, 62, 64, 66, 68, 70 nuclei were doubly magic. At least for 146 Gd the doubly magic character and the subshell closure at Z = 64 is rather well established [2, 3] .
During the last few years experimental evidence for low-lying octupole-octupole and octupole-quadrupole multiplets has been reported for the semi-magic N = 82 isotones [4] [5] [6] [7] . These are states built on 3 − collective octupole vibrational states. However, most of the low-lying states of these isotones can be interpreted as pure excitations of valence protons outside a 132 Sn closed core, and it offers a unique opportunity for studying the microscopic foundation of various nuclear models.
Systematic studies of the N = 82 isotones have been carried out by Andreozzi et al. [8] who investigated the importance of pairing effects in these nuclei. Scholten et al. [9] [10] [11] have also studied the N = 82 isotones and compared the generalized seniority scheme with the shell model. The most comprehensive shell model study, up to now, was carried out by Wildenthal [12] for the N = 82 isotones ranging from 133 Sb to 154 Hf. The dimension of the problem was however reduced by both an occupation number and a seniority truncation. The effective two-body forces used in the above-mentioned shell model calculations are all rather schematic, phenomenological interactions.
One aim of this work is to calculate an effective interaction based on modern meson-exchange models for the nucleon-nucleon (NN) potential. The first step in the derivation of an effective interaction V eff is to renormalize the NN potential through the so-called G-matrix. The G-matrix is in turn used in a perturbative many-body scheme discussed in Sect. 2 to derive an effective interaction for the N = 82 isotones.
The second aim is to use this effective interaction in a full shell model (SM) calculation, within a model space or P -space consisting of the orbitals 2s 1/2 , 1d 5/2 , 1d 3/2 , 0g 7/2 and 0h 11/2 for the Z = 52 − 64, N = 82 isotones. This is the first time that a full shell model calculation without any truncations has been performed for these nuclei.
We have performed two similar and quite extended shell model calculations for the Sn isotopes, one having the doubly magic 100 Sn as a closed core [13] , and the other having the doubly magic 132 Sn as a closed core [14] . In the former, valence neutron particles have been added to the 100 Sn core, and in the latter valence neutron particles have been subtracted from (or in other words, neutron holes have been added to) the 132 Sn core. In this work we present a further test of our method in the region of medium-heavy nuclei. In our previous works on the Sn isotopes, we have carried out calculations based on the neutron-neutron particle interaction and the neutron-neutron hole interaction, respectively. In the present case an analogous test of the proton-proton particle interaction is provided by the N = 82 isotones.
Our third aim is to compare the shell model results with results from a quasiparticle random-phase approximation (QRPA) calculation. We are performing the comparison with QRPA in order to test the perturbation technique and to study to what extent the effective matrix elements give satisfactory results. For the QRPA we take as effective interaction the same G-matrix as the one used in the perturbative many-body scheme discussed above, but the model space is enlarged by including the 1p0f shell as well.
The philosophy behind the perturbative approach is to include degrees of freedom not accounted for in the model space through various terms in perturbation theory. Therefore, since the QRPA calculation discussed here employs a larger single-particle space than the perturbative many-body scheme, the hope is that the two approaches can shed light on different many-body contributions and their influence on various spectroscopic observables.
This work is organized as follows: In Sect. 2 we give a brief sketch on how to derive the effective interaction. In the subsequent section some general spectroscopic features about the N = 82 isotones are given together with a description of the shell model problem. In Sect. 4, a short overview of the QRPA relevant for the N = 82 isotones is given, whereas our results and discussions are presented in Sect. 5. Concluding remarks are drawn in Sect. 6.
Effective interaction for the N = 8isotones
In nuclear structure calculations, we solve the quantum many-body Schrödinger equation for an A-nucleon system
in a restricted Hilbert space, referred to as the model space. In Eq.
(1), we have defined H = T + V , T being the kinetic energy operator and V the nucleonnucleon (NN) potential. E i and Ψ i are the eigenvalues and eigenfunctions for a state i in the Hilbert space. Introducing the auxiliary single-particle potential U, H can be rewritten as
If U is chosen such that H 1 becomes small, then H 1 can be treated as a perturbation. The eigenfunctions of H 0 are then the unperturbed wave functions ψ i . These eigenfunctions can, in turn, be used to define a projection operator for the above-mentioned model space
with d being the size of the model space, and an excluded space defined by the
such that P Q = 0. The assumption then is that the most relevant components of the low-lying nuclear states can be fairly well reproduced by configurations consisting of few particles and holes occupying a limited number of orbitals ψ i selected on physical grounds. These selected orbitals define the model space.
Eq. (1) can be rewritten as a secular equation
where H eff now is an effective hamiltonian acting solely within the chosen model space. The definition of this effective interaction is that it should act within the chosen model space and that the model-space eigenvalue problem yields some of the eigenvalues of the original hamiltonian. In general, however, these requirements do not determine the effective interaction uniquely, as discussed in Refs. [15] [16] [17] [18] . Several many-body techniques exist for deriving the effective interaction [15, 17, 18] . In this work we shall derive the effective interaction using a timedependent approach, starting from the time evolution operator U(t, t ′ ) [16] . Our effective interaction is derived by the so-called folded-diagram expansion method of Kuo and co-workers [16] (see below). The folded diagrams represent a set of diagrams which can be summed to infinite order through e.g. iterative methods. They arise when one removes the dependence on the exact energy of the perturbation expansion.
Our scheme to obtain an effective interaction, appropriate for the N = 82 isotones, starts with A = 132 as the closed-shell core, and can be divided into three steps. A more detailed exposition can be found in Ref. [15] .
First, one needs a free NN interaction V which is appropriate for nuclear physics at low and intermediate energies. At present, a meson-exchange picture for the potential model seems to offer a viable approach. Among such meson-exchange models, one of the most successful is the one-boson-exchange model of the Bonn group [19] . As a starting point for our perturbative analysis, we shall use the parameters of the Bonn A potential defined in table A.1 of Ref. [19] . For applications of this potential to nuclear structure, see e.g., Ref. [19] .
In nuclear many-body calculations the first problem one is confronted with is the fact that the repulsive core of the NN potential V is unsuitable for perturbative approaches. This problem is overcome by the next step in our many-body scheme, namely by introducing the reaction matrix G
where ω is the unperturbed energy of the interacting nucleons, and H 0 is the unperturbed hamiltonian. The operatorQ, commonly referred to as the Pauli operator, is a projection operator which prevents the interacting nucleons from scattering into states occupied by other nucleons. In this work we solve the BetheGoldstone equation, using the so-called double-partitioning scheme [15] , replacing H 0 in the denominatior of Eq. (6) byQTQ. To construct the Pauli operator which defines G, one has to take into account that neutrons and protons have different closed shell cores, N = 82 and Z = 50, respectively. This means that neutrons in the 2s1d0g 7/2 0h 11/2 shell are holes, while protons in the 2s1d0g 7/2 0h 11/2 shell are particles. For protons the Pauli operator must be constructed so as to prevent scattering into intermediate states with a single proton in any of the states defined by the orbitals from the 0s shell up to the 0g 9/2 orbital. For a two-particle state with protons only, one has also to avoid scattering into states with two protons in the 2s1d0g (0g 9/2 excluded) and the 2p1f 0h shells. For neutrons one must prevent scattering into intermediate states with a single neutron in the orbitals from the 0s shell up to the 0h 11/2 orbital. In addition, in case of a two-particle state with neutrons only, one must prevent scattering into states with two neutrons in the 0h 9/2 0i 13/2 1f 2p shell and the 3s2d1g0i 11/2 0j 15/2 shell. If we have a proton-neutron two-particle state we must in addition prevent scattering into two-body states where a proton is in the the 2s1d0g-(0g 9/2 excluded) and the 2p1f 0h shells and a neutron is in the 0h 9/2 0i 13/2 1f 2p shell and the 3s2d1g0i 11/2 0j 15/2 shell. The single-particle wave functions were chosen to be harmonic oscillator eigenstates with the oscillator energyhΩ = 45A −1/3 −25A −2/3 = 7.87 MeV, for A = 132. This G-matrix will also be used as the effective interaction in the QRPA calculations discussed in the next section.
The last step consists in defining a two-body interaction in terms of the G-matrix. The first step here is to define the so-calledQ-box given by
where we will replace H 1 with G − U (G replaces the free NN interaction V ). Thê Q-box is made up of non-folded diagrams which are irreducible and valence linked. A diagram is said to be irreducible if between each pair of vertices there is at least one hole state or a particle state outside the model space. In a valence-linked diagram the interactions are linked (via fermion lines) to at least one valence line. Note that a valence-linked diagram can be either connected (consisting of a single piece) or disconnected. In the final expansion, including folded diagrams as well, the disconnected diagrams are found to cancel out [16] . This corresponds to the cancellation of unlinked diagrams of the Goldstone expansion [16] . The projection operator Q used in the definition of the effective interaction need not be the same asQ used in the calculation of the G-matrix. This is the case in our calculation since we are using the double-partitioning scheme for calculating the G-matrix. Such an approach leads to the inclusion of additional ladder diagrams in the definition of theQ-box, as discussed in Ref. [15] . We obtain the effective interaction, H eff = H 0 + V eff , in terms of theQ-box as [15, 16] 
Observe also that the effective interaction V
eff is evaluated at a given model space energy ω, as is the case of the G-matrix. Here we choose ω = −20 MeV, although the dependence of the final resulting spectra of the choice of starting energy is rather weak. Since the higher-order derivatives of theQ-box are rather small, the series can be truncated at m ∼ 6 − 10, and similarly some 6 − 10 iterations n are needed for convergence of the effective interaction. TheQ-box in this work is defined to be the sum of all non-folded diagrams through third order in the G-matrix, as discussed in Ref. [15] .
Shell model calculation
For the shell model calculation we define the model space to consist of the spherical single-particle orbitals in the N = 4 oscillator shell (1d 5/2 , 0g 7/2 , 1d 3/2 , 2s 1/2 ) plus the intruder 0h 11/2 orbital from the N = 5 oscillator shell. Hereafter this model space is referred to as the sdg-shell. This means that our P -space consists of the proton orbitals outside the 132 Sn core, ranging from the closed Z = 50, N = 82 core to the closed Z = N = 82 core.
At present it does not seem possible to calculate the P -space single-particle energies along the same lines as the effective two-body interaction. The theoretical framework is available, but the results are not accurate enough for our purpose. However, the single-particle energies can be extracted from the experimental 133 Sb spectrum [20] , except for the 2s 1/2 single-particle state which has not yet been measured. For the 2s 1/2 single-particle energy we have taken the value used by Sagawa et al. [10] . The adopted single-particle energies are as displayed in Fig In the shell model calculation, all degrees of freedom within the defined P -space are included. Thus, the dimension of the problem grows rapidly with increasing number of valence particles as shown in Table 1 . Our basic approach to solving the many-body eigenvalue problem is the Lanczos algorithm, a method which was first applied to nuclear physics problems by Whitehead et al. [21] . This is an iterative method, where the 10 − 20 low-lying eigenstates of interest are obtained after a rather limited number of iterations. The shell model algorithm used is reviewed in more detail in Ref. [13] .
For the low energy region of the Sn isotopes where the main degrees of freedom are valence neutrons filling up the sdg-shell, a characteristic feature of the eveneven nuclei is the remarkably constant spacing between the 0 + ground state and the first excited 2 + state. The N = 82 isotones have a different closed core, but what still should be important is the filling of the sdg-shell, now with protons. In Fig. 2 we have compared the empirical 0 Small but important differences in the single-particle spectra are found between the Sn isotopes and the N = 82 isotones. The strong pairing effect which is seen for tin, is due to the nearly degenerate 1d 5/2 and 0g 7/2 single-particle orbitals. These orbitals are predicted, from a shell model extrapolation by Grawe et al. [22] Above we have described some general, qualitative properties of the N = 82 isotones, and it is essential that our microscopic shell model calculation is able to reproduce such phenomena.
4 The N = 82 isotones in the framework of the QRPA
The quasiparticle random-phase approximation (QRPA) is here presented as an alternative method to the shell model. The basic ingredients of the QRPA approach used in this work are described in Ref. [26] . We start by solving the BCS equations for both protons and neutrons in a larger space of single-particle orbitals than included in the shell model calculation. Then a QRPA energy matrix is calculated and solved for each spin separately. The nuclear states are obtained as linear combinations of proton-proton and neutron-neutron two-quasiparticle excitations. A bare G-matrix is used for the interaction and the idea is that quasiparticle excitations replace the effect of the perturbation calculation in the shell model case. Thus, instead of treating core excitations in perturbation theory producing an effective interaction between valence protons, the quasiparticle excitations are explicitly included in the nuclear wave functions. New states may be obtained not present in the shell model approach if a large part of the corresponding wave functions are core excitations. Such configurations are not treated properly in perturbation theory. In the present case the proton single-particle basis is taken to consist of the 1p0f and 2s1d0g oscillator major shells complemented with the 0h 11/2 intruder state from the major shell above. This leaves Z = 20 as an inert proton core. For neutrons we have chosen the valence space to consist of the 2s1d0g 7/2 and 2p1f 0h major shells leaving N = 50 as the neutron core.
In the QRPA calculation, the two-body interaction used to construct the energy matrix, is obtained from the Bonn one-boson-exchange potential giving the same nuclear G-matrix discussed in Sect. 2. In this calculation the bare G-matrix has been applied and no attempts are made to create a model-space adapted effective interaction because the single-particle space for the QRPA is relatively large. In order to have as equal as possible starting points in the QRPA and the shell model approaches, we use the proton single-particle energies as shown in Fig.  1 . For protons in the 1p0f 0g 9/2 shell and neutrons in the 2s1d0g 7/2 0h 11/2 and 1p0f 0g 9/2 shells we employ Woods-Saxon single-particle energies calculated using the parametrization of Bohr and Mottelson [27] .
The QRPA calculation is slightly different from the more traditional ones as discussed in Ref. [26] . It has been pointed out in Ref. [8] that pairing effects are strong in the N = 82 isotones and this means that it is essential to exploit the available experimental data on pairing gaps and single-quasiparticle energies if one wants to obtain an improved QRPA description of the low-energy properties of the nuclei under study. Typically, certain matrix elements of the G-matrix may be scaled in order to reproduce the systematics of pairing in certain isotopes and isotones, as done in Refs. [26, 28, 29] . However, in this work we have not performed such a refitting of the nuclear G-matrix. If one adjusts the G-matrix by some scaling constants in order to have a better reproduction of the spectra in the QRPA one introduces many-body effects whose origin are difficult to retrace. Although the QRPA may not give the best results for the spectroscopy, we feel that an equal starting point, same G-matrix and single-particle energies, may offer a better possibility for studying differences between the QRPA and the shell model.
From the present discussion and the one in Sect. 2 it is obvious that the QRPA approach exhibits two important differences compared to the shell model approach. First, the single-particle basis for protons is larger for the QRPA allowing for proton core excitations across the Z = 50 shell gap. Second, also the neutrons are active yielding neutron core excitations across the N = 82 shell gap. This might become important for the description of some low-energy collective excitations of the even N = 82 isotones. In the shell model approach these degrees of freedom are supposed to be accounted for by terms included in the perturbative expansion of the effective interaction. Substantial differences in the two approaches may therefore reveal whether such low-energy collective excitations are accounted for in the shell model approach where the calculations are done within a smaller single-particle space, but with a complete set of many-body basis states within the chosen model space.
5 Numerical results and discussion
Energy levels
The calculated energy eigenstates of the QRPA and the shell model (SM) along with the experimental energy levels are presented in Tables 2, 3 and 4. If nothing else is specified data are taken from the data base of the National Nuclear Data Center, Brookhaven National Laboratory, Upton, N.Y., USA. A large number of E2 transitions are experimentally known for the N = 82 isotones. Data for some selected transitions are presented in Table 5 and compared with our theoretical predictions. Some E3 trasitions are also presented in the same table.
In the SM calculation of E2 transitions an effective proton charge e eff p (SM) = 1.4e is used in agreement with the discussion in [27] . Our model space which includes the 2s1d0g 7/2 0h 11/2 single-particle orbitals would require an effective E2 operator which may be calculated along the same lines as the effective interaction discussed in Sect. 2. However, at present we limit ourselves to a constant effective E2 charge. For the QRPA a larger single-particle space is explicitly included in the calculation and an effective E2 charge e eff p (QRPA) = 1.0e is appropriate.
There are two important questions related to the present calculation. First, can a medium dependent effective interaction which is calculated starting from the free nucleon-nucleon (NN) potential be used in medium-heavy nuclei? Secondly, which states in the N = 82 isotones are well described by the chosen model space? As discussed in Sect. 2, our approximations lie in the choice of model space and selection of many-body diagrams in the definition of the effective interaction. The only parameters which enter our theory are those which define the NN potential. Thus, in case of disagreements with observation it is important not to modify the derived effective interaction in order to get an improved reproduction of the data. Such disagreements may point to degrees of freedom not accounted for in our many-body scheme.
In view of these restrictions our results are rather good. For both models the deviation of our calculated energy levels from the experimental ones is generally within 0.1 − 0.3 MeV. Up to five 2 + states, three 4 + states and two 6 + states are well reproduced throughout the sequence of isotones indicating that the degrees of freedom represented by the chosen proton model space are the relevant ones. A decomposition of the QRPA 2 + 1 wave functions shows that these states are constructed mainly of two-quasiparticle proton excitations within the sdg-shell, a picture which is consistent with the SM. There is a very small contribution of neutron core excitations in the wave functions, a contribution which increases slightly towards the middle of the shell. Furthermore, the high-spin states 8 + and 10 + are well reproduced except for 144 Sm where the theoretical states are too high in energy (0.58 MeV for 8 + and 0.97 MeV for 10 + ). This may indicate that other degrees of freedom are important for these high spin states.
With one exception the known E2 transitions are well reproduced. A typical feature of the even N = 82 isotones is enhanced E2 transitions between the first excited 2 + state and the 0 + ground state with strengths around 10 W.u. These transitions strengths are well reproduced by the proton degrees of freedom within the SM valence space with some additional polarization charge which can be described in perturbation theory. This effect is also seen in the structure of the 2 Fig. 3 . The SM reproduces the weak increase resonably well but with some small deviations at the endpoints. The QRPA predicts a constant spacing due to the use of the BCS approximation. In addition to the 0 + ground state several excited states with J = 0 + are known experimentally. The SM reproduces these states reasonably well. However, one 0
140 C has been measured to 11.5 Wu and our SM calculation fails in reproducing the strength of this transition by a factor of more than In the QRPA the first eigenstate emerging from the diagonalization of the twobody interaction in the 0 + coupled two-quasiparticle basis, is a spurious one [30] and related to the ground state. A convenient feature of the QRPA approach is that all the other eigenstates are free from such a spuriousity. The energy of the spurious state becomes zero leaving the rest of the excited 0 + states as physical a) Ref. [7] ones. As seen from tables 2 and 3 the 0 + QRPA reproduces the excited 0 + states reasonably well in the middle of the shell whereas it fails at the beginning and at the end, again due to the basic BCS approximation used.
Of the negative parity states we have only calculated the 3 − states. Such states may be generated through the h 11/2 negative parity orbit or through strong oc- b) Ref. [4] tupole core excitations. The SM should reproduce states of the first type but fail for states of the second. On the other hand we expect QRPA to describe strong octupole vibrational states since the single-particle orbits of the core are explicily included. Contrary to the 2 + , 4 + and 6 + states we find for the 3 − states clear differences between the two models. The QRPA produces always a low-lying 3 − state not found in the SM calculation. This may be a good candidate for a col-lective octupole state. Unfortunately, we can not draw clear conclusions from the present experimental data. In particular, the experimental information on the E3(3 − → 0 + ) transitions as seen in Table 5 In 138 Ba there are two states where the angular momentum assignment is tentative, and different values are considered. The first one is at 2.190 MeV of excitation energy with J = (1, 2, 3) , and the other one is at 2.583 MeV of excitation with Of the negative parity states we have only calculated the 3 − states. Here the deviation between experiment and the SM is significant, whereas the QRPA reproduces the data reasonably well, except for 144 Sm.
The shell model is not able to reproduce the first 3 − state for any of the isotones, while both QRPA approaches yield the lowest-lying 3 − states in nice agreement with experiment. The QRPA wave functions indicate that these states are strongly collective, and that they are a mixture of both proton and neutron degrees of freedom. The philosophy of the effective theory is that the main components of the shell model wave functions have the origin within the model space (P -space components), and the rest (Q-space components) are included through the perturbation technique. Not all degrees of freedom are taken into account this way, like for instance neutron core excitations. The above mentioned 3 − state, if assuming a strong mixture of neutron degrees of freedom, can therefore not be described within the frame of the shell model calculation. However, the 3 − states, which according to the QRPA are of two-quasiparticle character and con-sist of pure proton excitations, are very well described by the shell model. This also indicates that there is a minimal mixing between the different 3 − states. Our interpretation is then that the second experimental 3 − states contain mainly twoquasiproton excitations with one exception. In 140 Ce, it is the third experimental 3 − state which most probably corresponds to the two-quasiproton 3 − state. The 3 − state which appears in 140 Ce at an excitation energy of 3.040 MeV can neither be described within the QRPA nor the shell model. Similar low-lying 3 − states, which can not be described within either of our models, are also observed in the other N = 82 isotones. A possible explanation of the nature of these 3 − states might be that they are octupole deformed and possibly created by neutron two-particle-two-hole excitations. These excitations activate the long-range part of the proton-neutron interaction and yield to deformation.
Calculations of the E3 transition 3
− → 0 + can give information on whether our models succeed in describing the structure of the 3 − states or not. No B(E3;3 Before we can draw further conclusions more thorough measurements of the 3 − lifetime in 140 Ce is needed, and we will also encourage the experimentalists to seek more information about the 3 − states in the N=82 isotones lighter than 140 Ce.
Generalized seniority
The proton occupation number for each (lj) value is determined within the shell model and compared with experiment and the BCS occupations underlying the QRPA calculation in Table 6 that there is, in general, a close correspondence between the shell model occupations and the BCS occupations.
The results from Table 6 indicate that pairing effects are likely to be important. In order to test whether generalized seniority is conserved, we construct the pair correlation operator for creating a generalized seniority v = 0 pair
where the coefficients C j are obtained from the ground state of 134 Te. Similarly the generalized seniority v = 2 operator takes the form
where the coefficients β j,j ′ are obtained from the first excited 2 + state of 134 Te.
With our shell model wave functions we evaluate the squared overlaps | A;
The results are given in Tables 7 and  8 .
The ground state can be well described within a generalized seniority scheme. More than 95% of the wave function for the (A) system is given as the (A − 2) system plus a seniority-zero pair. Also for the 2 Xe -144 Sm, data is now available. As mentioned before we are not able to give such a good description of these states. Only 75 − 85% of our states are given as the 0 + 2 state in the (A − 2) system plus a seniority-zero pair. 
Conclusions
In this work a comprehensive study of the N = 82 isotones has been presented. We have performed a large-basis shell model calculation with 2 − 12 valence protons outside the doubly magic nucleus 132 Sn. The main ingredient in the shell model calculation is a realistic, microscopic two-body effective interaction derived from a modern meson-exchange NN potential using many-body perturbation theory.
The philosophy behind the perturbative approach is to include degrees of freedom not accounted for in the model space defining the effective interaction and the shell-model problem. The hope is then that degrees of freedom not included in the shell-model space can be accounted for by such renormalized effective interactions. Differences which may arise between the shell-model approach and the QRPA, where a larger single-particle basis is employed, may then shed light on the strengths and the limitations of the two approaches. As seen from our results, the low-lying states of the even N = 82 isotones are, in general, very well described, both by the shell model and the QRPA. The fact that the QRPA allows for proton and neutron core excitations, gives this model the flexibility to describe some collective excitations which are out of reach of the present shell model description. An example are the first excited 3 − states, which can not be described by the shell model. The QRPA indicates that all these 3 − 1 states are strongly collective, and that also non-negligible components of neutron excitations contribute. However, the somewhat higher-lying 3 − states, implied by the QRPA to be of two-quasiproton character, are nicely described by the shell model. There are however other 3 − states that can not be described by any of the models, i.e. in 140 Ce.
The enhanced E2 transitions between the first excited 2 + state and the 0 + ground state, indicate that the 2 This is an indication that the calculated wave functions for these states contain the relevant components. In general, the shell model does also give E2 transitions between the other yrast states in good agreement with data.
The aim of this work was to test a new effective interaction for protons outside the closed 132 Sn core. In view of the fact that this is a truly microscopic calculation, with very few parameters, the agreement with data is remarkably good. Our effective interaction seems to be more successful in the region of medium heavy nuclei than for light nuclei (oxygen and calsium regions). The individual degrees of freedom may be more important for light nuclei than for heavier systems, and therefore the results more sensitive to the fine details of the effective interaction.
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